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1 Executive Summary 

1.1 Introduction (and Clinical Rationale) 

 
Aliskiren is an orally effective, first renin inhibitor, approved by the US Food and Drug 
Administration on March 5, 2007. It is currently available as a tablet formulation in 
the US for the treatment of hypertension in adult patients, except in patients who have 
type 2 diabetes mellitus and are receiving an angiotensin converting enzyme inhibitor or 
an angiotensin II receptor blocker (ARB).  Blocking the RAAS with an ACE inhibitor 
(ACEI) or angiotensin II receptor blocker (ARB) has been commonly used in clinical 
practice for the treatment of patients, including children, with hypertension. Several 
studies in children with hypertension have shown that ACEI and ARB agents are well 
tolerated and effective (1). 
 
On the other hand, in pregnant women, ACE inhibitors and AT-1 receptor antagonists 
have resulted in adverse outcomes for some pregnancies. Maternal use of these drugs 
has resulted in fetal renal dysfunction, which is manifested prenatally as 
oligohydramnios and renal tubular dysgenesis, and postnatally as neonatal anuria (2). 
Angiotensin II, the principal neurohormone of the RAS, is essential in the maintenance 
of fetal arterial blood pressure, and in the regulation of fetal glomerular filtration rate and 
renal blood flow (3 - 5). Thus, developing kidneys of neonate/ juvenile rats or human 
infants (≤ 2 years old) are vulnerable to ACE inhibitors (6, 7) and AT-1 receptor 
antagonists (8 -10). However, there are no reports on the effect of aliskiren in 
neonate/juvenile rats.  
 

The objective of the toxicology studies in juvenile rats was to understand the safety 
profile of aliskiren in children. In support of the pediatric development program of 
aliskiren, potential adverse effects on postnatal development were evaluated in juvenile 
toxicity studies in rats, followed by a mechanistic study, and a tissue collection study in 
humans examining ontogeny of drug metabolizing enzymes and drug transporters. 
Through this submission, Noden Pharma is seeking regulatory approval for aliskiren for 
the treatment of hypertension in children and adolescents 6-17 year of age. 
 

1.2 Brief Discussion of Nonclinical Findings 

 
The data obtained in juvenile rats indicate that there is a distinct age-dependent 
relationship between dose and exposure in aliskiren-treated animals. The 
pharmacokinetic behavior of many drugs in juvenile rats and children is clearly different 
from that of adults. At birth various organ systems involved in absorption, distribution 
and hepatic and renal elimination are not yet fully developed. The high aliskiren 
exposure in very young rats accounted for the observed morbidity and mortality. Studies 
of the ontogeny of multidrug-resistant protein 1 (MDR1) and organic anion transporting 
polypeptide 2 (OATP2) mRNA expression in rats, and the PK study, all indicate that the 
substantial aliskiren exposure increase in very neonatal rats inversely correlates with 
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the process of maturation of the drug transporters involved in aliskiren absorption and 
disposition. Expression levels (mRNA) for MDR1 and OATP2 in intestine, liver and brain 
were much lower in 14 day old rats than were in ≥21 day old rats. Although aliskiren is a 
MDR1 (P-glycoprotein) and OAT family members substrate, the potential for its 
overexposure in the plasma and tissues of juvenile rats is not solely due to the 
underdevelopment or immaturity of drug transport proteins. Several other factors such 
as plasma concentrations of total protein and albumin (11), total CYP content in the liver 
(12), ontogeny of drug metabolizing enzymes (12), and gastric permeability contribute to 
aliskiren excess in neonates. 
 

1.3 Recommendations 

1.3.1 Approvability 

 
Yes 
 

1.3.2 Additional Non Clinical Recommendations 

 
The findings in very young rats, which accounted for the observed morbidity and 
mortality, are considered to be of great safety concern with regard to dosing of aliskiren 
in neonates and infants. Aliskiren should not be given to children younger than 2 years 
of age as there is a potential for aliskiren exposure in children with an immature P-
glycoprotein drug transporter system and drug metabolizing enzymes. 
 

1.3.3 Labeling 

None 
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2 Drug Information 

2.1 Drug 

CAS Registry Number: 173334-58-2 
 
Generic Name:  Aliskiren hemifumarate 
 
Code Name: SPP 100 (base); SPP 100A (HCl), SPP 100B (hemifumarate) 
 
Chemical Name: (2S,4S,5S,7S)-N-(3-amino-2,2-dimethyl-3-oxopropyl)-2,7-diisopropyl-
4-hydroxy-5-amino-8-[4-methoxy-3-(3- methoxypropoxy)phenyl]octanamide 
hemifumarate. 
 
Molecular Weight:  551.8 (free base),  609.8 (hemifumarate), 1219.58 (fumarate) 
 
Structure and Chemistry:  Aliskiren is a single diastereomer having 4 chiral centers, all 
S-configured. Aliskiren fumarate is a white to off-white crystalline powder and relatively 
hygroscopic. It is very soluble in the aqueous media. 
 
 

 
 
 
 
Pharmacologic Class:  Renin inhibitor 
 

Indication: Treatment of hypertension  in adults and children 6 
to 17 years of age. 

2.2 Relevant INDs, NDAs, BLAs and DMFs   

NDA 21,985 (Aliskiren), NDA 22,107 (Aliskiren/HCTZ), NDA 22,217 
(Aliskiren/Valsartan), NDA 22,545 (Aliskiren/Amlodipine)  

 are approved for the treatment of hypertension in adults. 
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2.3 Drug Formulation 

37.5 mg (based on aliskiren free base) oral pellets in HPMC Capsule. The capsule is 
opened and the pellets are put on food (pudding (milk or soy-based), vanilla ice cream 
(milk or soy-based),   

 
 

Table 1. Composition of the oral pellet 

 

 

2.4 Comments on Novel Excipients 
 
There are no novel excipients.   
 
 
2.5 Comments on Impurities/Degradants of Concern 
 
None 
 
 
2.6 Proposed Clinical Population and Dosing Regimen 
 
Adults and children 6 to 17 years of age. The recommended starting dose is  
once daily. The maximum recommended dose is  once daily. 
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2.7 Regulatory Background 

 
A new efficacy supplement for Tukturna ® (aliskiren) (sNDA 21985 ) was submitted 
on  The sponsor submitted this supplement for Tekturna ® tablets to 
submit pediatric study reports required to fulfill the conditions of a Written Request 
under the Best Pharmaceuticals for Children's Act (BPCA), and to fulfill the 
"assessments" required under the Pediatric Research Equity Act (PREA). In this 
submission, the sponsor proposed new pediatrics formulation. However, it was 
determined that this is also a New Dosage Form, which requires a new NDA. 
Subsequently, Noden Pharma submitted the current application (NDA 210709) on May 
15, 2017, seeking approval of a revised indication for Tekturna: treatment of 
hypertension, to lower blood pressure in adults and children 6 to 17 years of age.  
 

4 Pharmacology 

 
No studies submitted and none were required. 
 

5 Pharmacokinetics/ADME/Toxicokinetics 

 
No studies submitted and none were required. 
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6 General Toxicology 

 

6.1 Four-week oral gavage study of aliskiren in juvenile rats followed by a 4-week 
recovery period 

 
Key Study Findings: Aliskiren was administered to neonates from PND 8 to PND 35 at 
doses of 30, 100 or 300 mg/kg/day. Six pups died within hours of receiving their first 
dose of 300 mg/kg and the remaining pups in this group were in poor clinical condition. 
Because of the excessive toxicity noted following a single high dose, this group was 
terminated on PND 8. Seven pups receiving 100 mg/kg/day were found dead 
between a few hours and a day after receiving their first dose.  Although there was 
no definitive pathology-based cause of death for these animals, a relationship to 
aliskiren was considered. Transient drug-related reductions in body weight gains were 
noted for the first 2 days of dosing at a dose of 100 mg/kg/day in both sexes. 
Statistically significant increases in mean absolute and relative kidney weights were 
observed at 100 mg/kg/day relative to the control. There was no histopathological 
correlate to these changes. Systemic exposure to aliskiren increased over-
proportionally with an increase in dose. The NOAEL for this study was 30 mg/kg/day.   
 
Purpose:  The objective of the study was to evaluate the adverse effects and to 
determine the pharmacokinetic profile of aliskiren when administered to pups from day 8 
to day 35 post-partum. 
Study No.: 902077, Novartis Reference #970616 
Location of Report: EDR 
Conducting Laboratory and Location:  

  
Dates of Study: The pups were initially dosed on January 26 and last necropsied on 

March 23, 2010. 
GLP Compliance: Yes 
QA’d Report:  Yes  
Drug, Batch #: Aliskiren hemifumarate, C0112, 98.3% pure 
Formulation: Aliskiren was dissolved in sterile water for injection.  The dosing 

formulations were prepared weekly, refrigerated and protected from light until 
use. Homogeneity was not assessed. Concentration was analyzed on the 1st and 
last week of preparation by taking duplicate samples from the middle of the 
container. The doses are expressed as base.  

Animals 
Species/Strain: Sprague-Dawley Rats (Crl:CD[SD]) (from ) 
#/Animals/Group: The litters were 3 days of age on arrival. Of the 41 dams with 
litters received, 150 male and 150 female pups from 39 dams were assigned to 
the study. Each litter was culled to 4 male and 4 female pups. The pups were 
cross-fostered between litters. Each cross-fostered litter was composed of 4 
male and 4 female pups. Cross-fostered litters were randomly assigned to the 
treatment groups using a randomization procedure. No pup assigned to a foster 
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dam came from her original litter, and each pup came from a different dam. 
There were 20/sex/group for the main study and, of these, 8/sex/group were 
assigned to the recovery subset and 12/sex/group to the pathology subset. An 
additional 10 to 20 pups/sex/group were assigned for single dose toxicokinetics 
study (see Table 2). 

 Age: Post-partum day 8 at initiation of dosing 
 Weight:  Males: 13.1 to 22.3 gm; Females: 13.1 to 21.7 gm, at initiation of dosing 

Husbandry: Each dam with litters 3 days of age was housed individually in cages. 
Following weaning on day 21 post-partum and until day 28 post-partum, the pups 
were separated from their dams and were housed 2 or 3 per cage/group/sex in 
stainless steel cages. Following day 28 post-partum, pups were housed 
individually. Food and water were available ad libitum. Food and water were not 
withheld prior to blood sampling, and both were withheld prior to urine collection. 

Dosing  
Doses: Aliskiren was administered at three dose levels: 30, 100 or 300 
mg/kg/day (Table 2). Control animals received the vehicle at the same dosage 
volume as treated animals. Doses were selected on the basis of a previous 
juvenile toxicity in rats (Study #970002, see section 6.2) and a 3 week dose-
range finding oral toxicity study in juvenile rats (same strain) dosed from PND 14 
to PND 34. In that study, pup body weights prior to weaning were transiently 
decreased at all dose levels (50, 150 or 300 mg/kg/day) following initiation of 
dosing, but returned to control group levels within the first week of dosing. No 
other treatment-related effects were seen.  

 

Table 2. Study design 

 

Gp # Test 

substance 

Dose
a 

(mg/kg/day) 

Main study Toxicokinetic
b 

litters Recovery 
subset

 
Pathology 
subset 

No. of 

litters 

No. of pups 

1 Vehicle 10 ml/kg 5 8 M, 8 F 12 M, 12F 3 10 M, 10F 

2 Aliskiren  30 5 8 M, 8 F 12 M, 12F 5 20 M, 20F 

3 100 5 8 M, 8 F 12 M, 12F 5 20 M, 20F 

4 300 5 8 M, 8 F 12 M, 12F 5 20 M, 20F 

 
a: dose expressed as base. 
b: Received a single dose of aliskiren on day 8 post-partum and bled for toxicokinetic evaluations. 
 

Route, Mode and Duration of Administration:  Main study animals were treated 
orally by gavage (10 ml/kg), once daily for 28/29 days, from day 8 post-partum to 
day 35 (males) or 36 (females) post-partum. Recovery subset animals were 
treated for the same duration (28/29 days) but were killed 4 weeks after 
cessation of dosing, i.e., on day 64 post-partum.  Toxicokinetic subset animals 
were treated on PND 8 only. 
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Observations and Measurements  
Clinical Signs: Both F0 dams and F1 pups were examined twice daily for mortality 
and clinical signs of ill health.  
Body Weight: Dams were weighed on days 3, 7, 14 and 21 post-partum. Data not 
reported.  F1 pups were weighed on all days from day 8 to day 21 post-partum 
and twice weekly thereafter until termination, including the day of scheduled 
euthanasia. Pups in the toxicokinetics subset were weighed once on day 8 post-
partum. 
Food Consumption: For main study F1 pups only, food consumption was 
measured twice weekly from day 28 postpartum onwards on days of body weight 
measurement until termination. 
Postnatal Evaluation: On all main study animals, eye opening was assessed on 
days 14 to 17 post-partum. Vaginal opening, preputial separation and visual 
function (pupillary closure and visual placing responses) were assessed on days 
26, 35 and 21 post-partum, respectively. Behavioral performance tests were not 
done. F1 reproduction studies were not conducted.   

 Clinical Pathology: Blood samples were collected (from the abdominal aorta 
under isoflurane anesthesia) at termination from all animals assigned to the 
pathology subset. Specimens were divided for hematology1 and for clinical 
chemistry2 evaluations. Urine samples3 were collected during the last week of the 
treatment period from the pathology subset individually for up to 5 hr during 
which time food and water was not supplied to the animals. However, each 
animal received 10 ml/kg water via gavage before being placed in urine collection 
cages. Due to insufficient urine collection, the procedure was repeated 2 days 
later with the administration of 20 ml/kg water to each animal. Results of the first 
study are not reported in this submission.  

 Toxicokinetics: Single dosed (on PND 8) animals assigned exclusively to the 
toxicokinetics section of the study were bled from the abdominal aorta under 
isoflurane anesthesia on PND 8 at 0.5, 1, 3, 7 and 24 hr after dosing. Each 
animal served for one time point (4 (2 in case of control) pups/sex/time point) and 
the carcasses were discarded without further examination.  
Gross Pathology:  Following weaning, the Fo dams were euthanized and 
discarded without further examination. All treated F1 animals found dead or killed 
in extremis except those assigned to the single dose TK study were subjected to 
a complete gross pathological examination and tissue samples were preserved. 
Group 4 receiving 300 mg/kg/day were terminated after the first dose as a result 
of excessive toxicity. All animals were necropsied and tissue samples were 
preserved. A terminal body weight was recorded at necropsy for all animals in 
pathology (PND 36 for males and PND 37 for females) and recovery (PND 64) 
subsets.  

                                            
1
 Erythrocytes, hematocrit, hemoglobin, mean corpuscular volume, mean corpuscular hemoglobin, mean 

corpuscular hemoglobin concentration, blood cell morphology, reticulocytes, white blood cell count, white 
blood cell differential and morphology, platelets, prothrombin time, activated partial thromboplastin time.  
2
 ALT, AST, AP, total bilirubin, total protein, albumin, globulins, glucose, urea, creatinine, creatine kinase, 

sodium, potassium, chloride, calcium, inorganic phosphorus, triglycerides, cholesterol, A/G ratio. 
3
 Specific gravity, color, pH, blood, protein, bilirubin, glucose, ketones 
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Organ Weight: The following organs were weighed for each animal in the 
pathology and recovery subsets. Organ weight ratios relative to body weight and 
to brain weight were calculated.  

Adrenals, brain, epididymides, heart, kidneys, liver, ovaries, pituitary, prostate, spleen, 
testes, thymus, thyroids and parathyroids, uterus.  

Histopathology:  On completion of the necropsy, representative samples of the 
protocol tissues (Table 3) were collected from all animals assigned to the 
Pathology and the Recovery subset, and all animals found dead or euthanized in 
both subsets.   Protocol tissues retained from all animals in the Pathology and 
Recovery subsets found dead or euthanized were subjected to histopathological 
examination. Kidneys and all gross lesions from all animals in the Pathology and 
all gross lesions from all animals in the Recovery subset were examined 
microscopically. 

Table 3.  Tissues/organs sampled for histopathological examination 

 
Adrenals 
Aorta (thoracic) 
Bone with marrow, sternum 
Bone marrow smear

1
 

Brain (all regions) 
Cecum 
Colon 
Duodenum 
Epididymides

2
 

Esophagus 
Eyes

2
  

Gross lesions 
Harderian glands

 

Heart   
Ileum 
Jejunum 
Joint (femorotibial) 
Kidneys 
 

 
Lacrimal glands

 

Larynx 
Liver 
Lungs 
Lymph nodes, mesenteric,    
mandibular

 

Mammary gland (thoracic, 
inguinal) 
Nasal cavity

1
 

Optic nerves
2
 

Ovaries 
Oviducts 
Pancreas 
Pituitary 
Prostate 
Rectum 
Salivary glands (mandibular, 
parotid, sublingual)

 

 

 
Sciatic nerve 
Seminal vesicles 
Skeletal muscle 
Skin (inguinal) 
Spinal cord (cervical, 
thoracic,    lumbar) 
Spleen 
Stomach 
Testes

2
 

Thymus
 

Thyroid lobes and 
parathyroids 
Tongue 
Trachea 
Urinary bladder 
Uterus 
Vagina

 

1: Retained but not processed 
2: Euthanized animals only 

 
Results 
 Analysis of Formulations: The dosing formulations were stable for at least 24 hr 

at room temperature and for at least 35 days at 6°C. Mean concentrations of all 
samples prepared in weeks 1 and 4 were analyzed. Concentrations were in the 
range of 91% to 101% of target concentrations. 
Mortality: Three male and 3 female pups receiving 300 mg aliskiren/kg/day were 
found dead within hours after the first dose. The remaining 34 pups in the high 
dose groups were in poor clinical condition with signs of decreased activity and 
were cold to touch. Thus, the high dose group (in both pathology and recovery 
sets) was terminated by euthanizing all of the remaining animals on the same 
day. In the mid dose group, 2/20 males and 5/20 females were found dead 
between a few hours (#354-7) and a day (#351-7, 351-8, 353-2, 353-6, 354-5, 
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355-1) after receiving their first dose. A specific cause of death for these 13 
animals could not be ascertained; however, it was considered by the sponsor to 
be test substance-related. A control male (#1020) was preterminally euthanized 
on PND 33 due to poor clinical condition. Clinical signs included decreased 
activity, ptosis, decreased muscle tone, weakness, and dehydration. 
Clinical Signs:  Test substance-related clinical signs were noted at all doses. At 
300 mg/kg/day,  decreased activity, cold to touch, decreased respiratory rate, 
skin pallor were noted in almost all pups within hours of receiving their first dose. 
At 100 mg/kg/day, yellow or brown staining of the urogenital region was noted 
from days 11 to 20 postpartum for a few males and females. Slight tremors were 
noted occasionally in 16/20 males and 10/20 females. At 30 mg/kg/day, fur thin 
cover and slight tremors were observed in a few males and females. 
Body Weights: Severe reductions in mean body weight gain (-52% for males and 
-57% for females relative to controls, P <0.05) were noted at a dose of 100 
mg/kg/day on PND 8 and 9. The reduction was less on subsequent days, 
however, the gains remained generally lower than controls (-6 to -23%) until PND 
12.  Body weights were comparable to or higher than control thereafter.  Body 
weight was statistically significantly higher for pups receiving 30 mg/kg/day 
during the treatment and recovery periods.  
Food Consumption: No effect during the treatment period.  Food intake was 
slightly higher in pups receiving 100 mg/kg/day than controls during the recovery 
period.  
Postnatal Development: All developmental landmarks (eye opening, vaginal 
opening, preputial separation) and visual function were unaffected by aliskiren 
administration.  
Hematology: There were no changes in the hematology parameters related to 
the administration of aliskiren. 
Clinical Chemistry:  There were no statistically significant changes in clinical 
biochemistry related to the administration of aliskiren.  
Urinalysis: No statistically significant effect noted for both sexes at all dose 
levels.   

 Organ Weights: No treatment-related organ weight changes were noted except 
for statistically significant increases in mean absolute (12.5% males, 9% females, 
p <0.05) and relative kidney weights (8% males, 6% females, p <0.05) at 100 
mg/kg/day in the pathology subset relative to control. A similar increase in kidney 
weights was observed for females only (18%, p <0.05) in recovery subset 
animals.  There was no histopathological correlate to these changes. 
Gross Pathology: There were no macroscopic findings in pre-terminal animals. 
There were no gross pathologic changes in the Pathology and Recovery subset 
animals at scheduled termination that could be interpreted to be related to the 
administration of aliskiren.   
Histopathology:  A slight hepatocellular vacuolation was noted in preterminal 
animals. It was observed in 11 males and 10 females receiving 300 mg/kg/day, 
and in a female receiving 100 mg/kg/day. Some of these animals had displayed a 
slight acute inflammation and hemorrhage in the propria-submucosa of the 
esophagus, which is probably related to the gavage administration of aliskiren. 
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None of the scheduled necropsied animals showed microscopic changes that 
were considered to be related to aliskiren administration.    
Toxicokinetics:  Toxicokinetic parameters were not evaluated for the high dose 
group as it was terminated on the day of dosing. All neonatal rats were exposed 
to aliskiren for up to 24 hr post dose on PND 8 with a mean Tmax between 3 and 
7 hr.  The plasma concentrations increased more than proportionally between 30 
and 100 mg/kg/day in both sexes (Table 4). The exposure to aliskiren at 100 
mg/kg/day on PND 8 was 85 to 387-fold higher than those observed in a 
study on PND 14 (see Table 10). Such high exposure levels of aliskiren may 
have contributed to deaths in neonates receiving 300 mg/kg/day.  There were no 
gender differences in exposure to aliskiren. 
 
 

Table 4.   Summary of mean toxicokinetic parameters for aliskiren in neonatal rats on day 1  
(PND 8) of treatment with aliskiren 

 
 

Dose 
(mg/kg/day) 

PND 

(Study 
day) 

Sex AUC 

(ng*h/ml) 

SE of AUC 

(ng*h/ml) 

AUC/dose  
(ng*h/ml)/ 

(mg/kg/day) 

Cmax 

(ng/ml) 

Cmax /Dose 

(ng/ml)/ 
(mg/kg/day) 

Tmax 

(h) 

30 8 (1) Male 39000 8190 1300 3470 116 3 

Female 38400 1980 1280 2640 88 7 

100 8 (1) 

                     

Male 242000 19700 2420 16900 169 7 

Female 261000 18400 2610 19000 190 7 
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6.2 Eight-week oral gavage study of aliskiren in juvenile rats followed by a 6-week 
recovery period 

 
Key Study Findings: Daily oral dosing of juvenile rats with aliskiren at 30, 100 or 300 
mg/kg/day from PND 14 to PND 70 resulted in 4 preterminal deaths in the high dose 
group. The cause of death remained undetermined.  Three rats died/euthanized during 
the treatment period (PND 16, 21 and 64). The 4th rat was found dead on PND 88. 
Transient drug-related reductions in body weight gains were noted for the first 2 days of 
dosing at all doses in both sexes, and continued for the 3rd day of dosing for the high 
dose group animals. Statistically significant decreases in absolute lymphocyte count 
were noted for high dose males and females relative to control.  Systemic exposure to 
aliskiren was >85-fold higher on PND 14 than on PND 64.  A NOAEL could not be 
determined for this study.   
 
Purpose:  The objective of the study was to evaluate adverse effects and to determine 
the pharmacokinetic profile of aliskiren when administered to juvenile rats from day 14 
to day 70 post-partum. 
Study No.: 901892, Novartis Reference #970002 
Location of Report: EDR 
Conducting Laboratory and Location:  

  
Dates of Study: The pups were initially dosed on August 31 and last necropsied on 

December 31, 2009. 
GLP Compliance: Yes 
QA’d Report:  Yes  
Drug, Batch #: Aliskiren hemifumarate, C0112, 98.3% pure 
Formulation: Aliskiren was dissolved in sterile water for injection.  The dosing 

formulations were prepared weekly, refrigerated and protected from light until 
use. Homogeneity was not assessed. Concentration was analyzed on the 1st, 5th 
and 9th weeks of preparation by taking duplicate samples from the middle of the 
container. The doses are expressed as base.  

Animals 
 Species/Strain: Sprague-Dawley Rats (Crl:CD[SD]) (from )  
 #/Animals/Group: On day 4 post-partum, each litter was reduced to 4 males and 

4 females. The pups were cross-fostered between litters. Each cross-fostered 
litter was composed of 4 male and 4 female pups. Cross-fostered litters were 
randomly assigned to the treatment groups using a randomization procedure. No 
pup assigned to a foster dam came from her original litter, and each pup came 
from a different dam. There were 52/sex/group for the study and, of these, 
20/sex/group were assigned to the reproductive and the recovery subset and 
12/sex/group to the pathology subset. An additional 10 to 20 pups/sex/group 
were assigned for single dose toxicokinetics study (see Table 5). 

 Age: Post-partum day 14 at initiation of dosing 
 Weight:  Males: 28.8 to 47.6 gm; Females: 28.2 to 44.6 gm, at initiation of dosing 
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 Husbandry: Dams with litters 3 days of age were housed individually in cages. 
Following weaning on day 21 post-partum and until day 28 post-partum, the pups 
were separated from their dams and were housed 2 or 3 per cage/group/sex in 
stainless steel cages. Following day 28 post-partum, pups were housed 
individually, except during mating, in similar cages. Food and water were 
available ad libitum. Food and water were not withheld prior to blood sampling, 
and both were withheld prior to urine collection. For the collection of urine 
specimens, animals received water (10 ml/kg via gavage) 5 hr before dosing. 

 

Dosing  
Doses: Aliskiren was administered at three dose levels: 30, 100 or 300 
mg/kg/day (Table 5). Control animals received the vehicle at the same dosage 
volume as treated animals. Doses were selected on the basis of a 3 week range-
finding oral toxicity study in juvenile rats (same strain) dosed from PND 14 to 
PND 34. In that study, pup body weights prior to weaning were transiently 
decreased at all dose levels (50, 150 or 300 mg/kg/day) following initiation of 
dosing, but returned to control group levels within the first week of dosing. No 
other treatment-related effects noted. In another study, dose levels of 60, 200 or 
600 mg/kg/day were administered for 2 weeks to adult rats (strain not given). In 
this study, a dose of 600 mg/kg/day was associated with pulmonary irritation and 
death.  

 

Table 5. Study design 

Gp # Test 

substance 

Dose
a 

(mg/kg/ 

day) 

Main study Toxicokinetic
b 

litters pups Reproduct-
ive subset 

Recovery 
subset

b 
Pathology 
subset

c No. of 

litters 

No. of 

pups 

1 Vehicle 10 ml/kg 13 62M, 62F 20 M, 20F 20 M, 20F 12 M, 12F 3 10 M, 10F 

2 Aliskiren  30 13 72M, 72F 20 M, 20F 20 M, 20F 12 M, 12F 5 20 M, 20F 

3 100 13 72M, 72F 20 M, 20F 20 M, 20F 12 M, 12F 5 20 M, 20F 

4 300 13 72M, 72F 20 M, 20F 20 M, 20F 12 M, 12F 5 20 M, 20F 

a: dose expressed as base. 
b: Received a single dose of aliskiren on day 14 post-partum and bled for toxicokinetic evaluations. 
 

Route, Mode and Duration of Administration:  Orally by gavage (10 ml/kg), once 
daily for 57 days, from day 14 post-partum to day 70 post-partum. Recovery and 
reproduction subset animals were treated for the same duration (57 days) but 
were killed at different times. Recovery animals were necropsied 6 weeks after 
cessation of dosing or on day 112 post-partum, reproduction subset females 
were necropsied on day 13 of gestation, while males were necropsied between 
days 134 and 146 post-partum (Table 6). 

 
Observations and Measurements  
 Clinical Signs: All dams were examined twice daily for mortality and clinical signs 

of ill health. All F1 pups were examined once daily for clinical signs and mortality 
prior to treatment initiation. In the first 3 weeks of treatment, they were examined 
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in detail 2-3 hr post dose. This was replaced by cage side observations 
performed 1-2 hr post dose until the end of treatment. During the post dosing 
phase, detailed examinations were performed weekly until termination. 
Body Weight: Dams were weighed on days 3, 7, 14 and 21 post-partum. Data not 
reported. Individual body weights of pups were recorded on postnatal days 4, 7, 
10 (prior to treatment), daily on postnatal days 14 through 21, and twice weekly 
thereafter until termination and on the day of terminal euthanasia. Mated F1 
females assigned to the fertility phase were weighed on gestation days 0, 3, 6, 9 
and 13. Offspring dosed for postnatal day 14 toxicokinetics were weighed on 
days 4, 7, 10 and 14 post-partum.  
Food Consumption: For main study animals only, food consumption was 
measured twice weekly from day 28 post-partum onwards on days of body 
weight measurement until termination or cohabitation.  For mated F1 females, it 
was recorded on gestation days 0-3, 3-6, 6-9, and 9-13.  
Postnatal Evaluation (Table 6): On all main study animals and pathology subsets, 
eye opening was assessed on days 14 to 17 post-partum. On all main study 
animals, vaginal opening, preputial separation and visual function (pupillary 
closure and visual placing responses) were assessed on days 26, 35 and 21 
post-partum, respectively. On selected recovery subset animals, behavioral 
performance tests such as auditory startle (on postnatal days 27-30), locomotor 
activity (on postnatal days 88-90) and Cincinnati water maze (on postnatal days 
93-103) were performed.   
F1 Reproduction:  Between PND 102 and 105, F1 animals assigned to the 
Reproduction subset were cohabited (1 male and 1 female per litter (sibling 
mating avoided) in the same dosage group) for a maximum of 14 days. The day 
of positive identification of spermatozoa was termed gestation day 0. The 
females and males were separated; females were housed individually until 
gestation day 13. 
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Table 6. Study observations and measurements 
 

Arrival of dams with litters of 3 days age. Acclimation (10 days before the start of study) 

 
 

F1 pups evaluated daily from PND 3.  Cross-fostered and randomized pups on PND 4.  
Treatment with aliskiren from PND 14 to PND 70. 

 
     

Main Study Single dose TK study 

Reproductive subset Recovery subset Pathology subset  

20/sex/gp (1-4) 20/sex/gp (1-4) 12/sex/gp (1-4) 10/sex/control 
20/sex/gp (2-4) 

Treated from PND 14 to 70 (57 days) 
 

Treated on PND 7 

Clinical signs Clinical signs Clinical signs Not recorded: clinical 
signs, body weight,  
food consumption 

Body weight Body weight Body weight 

Food consumption Food consumption Food consumption 

Postnatal evaluation 
Physical development 
Sensory development 

Postnatal evaluation 
Physical development 
Sensory development 
Behavioral study 

Postnatal evaluation 
Physical development 
 

 

No  TK evaluation Repeat dose TK 
evaluation 
Blood collected at 0.5, 1, 
3, 7, 24 hr post dose on 
PND 64. N=3/sex/gp/time 
point (1 animal/time 
point). 

No  TK evaluation Single dose TK 
evaluation 
Blood collected at 0.5, 1, 
3, 7, 24 hr post dose on 
PND 14. Control: 2 pups/ 
sex/group/time point. 
Treatment groups: 4 
pups/ sex/group/time 
point. 

Fertility assessment 
Mating for 14 days from  
PND 102-105. 
Laprotomy on GD 13 
Reproduction parameters 
evaluated. 

   

No clinical pathology Clinical pathology: Blood 
samples collected at the 
end of recovery period 
from the first surviving 10 
animals/sex/gp 

Clinical pathology:Urine 
samples obtained on 
PND 64-70 and blood 
samples collected from 
all animals at termination.   

 

Terminal body weight for 
males only 

Terminal body weight for 
the first surviving 10 
animals/sex/gp 

Terminal body weight for 
all animals 

 

Necropsy: Males up to 3 
wk following the mating 
period (PND 134-146). 
Gross pathology on all 
animals. Reproductive 
tissues from all animals 
of all groups examined 
microscopically. 
   

Necropsy: 6 weeks after 
cessation of treatment 
(PND 112). Protocol 
tissues from the first 10 
surviving animals/sex/gp 
and all gross lesions 
examined 
microscopically. 

Necropsy: On PND 71. 
All retained tissues from 
all animals (except those 
found dead/euthanized 7-
21 PND) examined 
microscopically. 

Necropsy: After blood 
collection animals were 
discarded with no 
examination.  
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Clinical Pathology: Blood samples were collected (from the abdominal aorta 
under isoflurane anesthesia) at termination from all animals assigned to the 
pathology subset and from the first ten surviving males and females/group of the 
recovery subset. Specimens were divided for hematology1 and for clinical 
chemistry2 evaluations. Urine samples3 were collected during the last week of the 
treatment period from the pathology subset individually for up to 5 hr during 
which time food and water was not supplied to the animals (Table 6). 

 Toxicokinetics: Single dosed (on PND 14) animals assigned exclusively to the 
toxicokinetics section of the study were bled from the abdominal aorta under 
isoflurane anesthesia on PND 14 at 0.5, 1, 3, 7 and 24 hr after dosing. Each 
animal served for one time point (4 (2 in case of control) pups/sex/time point) and 
the carcasses were discarded without further examination. Plasma 
concentrations of aliskiren were also determined after repeated dosing from 
animals assigned to recovery subset during the last week of dosing at 0.5, 1, 3, 7 
and 24 hr post dose (3/sex/time point and each animal was used only once). 
Blood was obtained from the jugular vein and the animal was returned to the 
cage (Table 6). 
Gross Pathology:  Following weaning, the Fo dams were euthanized and 
discarded without further examination. All treated animals found dead or killed in 
extremis except those assigned to the single dose TK study were subjected to a 
complete gross pathological examination and tissue samples were preserved. A 
terminal body weight was recorded at necropsy for all animals in the pathology 
subset and the first 10 surviving animals/sex/group in the recovery subset. 
Animals assigned to pathology and recovery subsets were euthanized on PND 
71 and in study week 16, respectively.  On day 13 of gestation, females assigned 
to the reproduction subset were first examined and then euthanized and 
laparohysterectomies performed (Table 6). The uteri and the ovaries were 
removed; the corpora lutea, live and dead embryos, and resorptions were 
recorded. No other tissues were collected from these animals. Females not 
detected as having mated were euthanized at least 7 days after the end of the 
mating period and were examined in a similar manner as those found dead. The 
uterus of any non-pregnant animal was stained and examined for implantation 
sites. A complete necropsy was conducted on all males assigned to the fertility 
phase 2 weeks after the end of the mating period.  
Organ Weight: The following organs were weighed for each pathology subset 
animal and the first 10 surviving animals/sex/group in the recovery subset. Organ 
weight ratios relative to body weight and to brain weight were calculated.  

Adrenals, brain, heart, kidneys, liver, ovaries, pituitary, prostate, spleen, testes, thymus, 
thyroids and parathyroids, uterus.  

Histopathology:  On completion of the necropsy, representative samples of the 
protocol tissues (Table 7) were collected from all animals assigned to the 

                                            
1 Erythrocytes, hematocrit, hemoglobin, mean corpuscular volume, mean corpuscular hemoglobin, mean 

corpuscular hemoglobin concentration, blood cell morphology, reticulocytes, white blood cell count, white 
blood cell differential and morphology, platelets, activated partial thromboplastin time.  
2
 ALT, AST, AP, total bilirubin, total protein, albumin, globulins, glucose, urea, creatinine, creatine kinase, 

sodium, potassium, chloride, calcium, inorganic phosphorus, triglycerides, cholesterol, A/G ratio. 
3
 Specific gravity, color, pH, blood, protein, bilirubin, glucose, ketones and urobilinogen 
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Pathology and the first 10 surviving animals/sex/group in the Recovery subset, 
and all animals found dead or euthanized in the Main study. Protocol tissues 
retained from all animals and gross lesions in Pathology subset, and tissues 
showing treatment-related findings and all gross lesions in Recovery subset were 
subjected to histopathological examination. Also, all tissues from all animals in 
the Recovery subset found dead were examined microscopically. For each male 
in the Reproduction subset, terminal body weight was recorded and 
epididymides, seminal vesicles, prostate and testes were dissected free of fat 
and weighed. On completion of the necropsy, right epididymis, seminal vesicles, 
prostate and testes were retained and prepared for histopathological 
examination. The last 10 males from each group of the Reproductive set were 
used for assessing sperm concentration (millions/gm of the left epididymis) and 
sperm motility. 
 

Table 7. Tissues/organs sampled for histopathological examination 

 

Adrenals 
Aorta (thoracic) 
Bone with marrow, sternum 
Bone marrow smear

1
 

Brain (all regions) 
Cecum 
Colon 
Duodenum 
Epididymides 
Esophagus 
Eyes  
Gross lesions 
Harderian glands

 

Heart   
Ileum 
Jejunum 
Joint (femorotibial) 
Kidneys 

Lacrimal glands
 

Larynx 
Liver 
Lungs 
Lymph nodes, mesenteric,    
mandibular

 

Mammary gland (thoracic, 
inguinal) 
Nasal cavity

1
 

Optic nerves 
Ovaries 
Oviducts 
Pancreas 
Pituitary 
Prostate 
Rectum 
Salivary glands (mandibular, 
parotid, sublingual)

 

Sciatic nerve 
Seminal vesicles 
Skeletal muscle 
Skin (inguinal) 
Spinal cord (cervical, thoracic,    
lumbar) 
Spleen 
Stomach 
Testes 
Thymus

 

Thyroid lobes and parathyroids 
Tongue 
Trachea 
Urinary bladder 
Uterus 
Vagina

 

 
1
: Retained but not processed 

 
 

 

Results 
 
 Analysis of Formulations: The dosing formulations were stable for at least 24 hr 

at room temperature and for at least 35 days at 6°C. Mean concentrations of all 
samples prepared in weeks 1, 5, and 9 were analyzed. Concentrations were in 
the range of 91% to 106% of target concentrations. 
Mortality: Four pups receiving 300 mg aliskiren/kg/day and one pup receiving 100 
mg aliskiren/kg/day were either dead or euthanized. In the high dose group, a 
male (#4032M, recovery subset) was euthanized in poor condition on PND 21. 
Prior to euthanization, this animal exhibited decreased activity, abnormal 

Reference ID: 4152699



NDA #210709    Reviewer: G. Jagadeesh, Ph.D. 

 

22 
 

breathing sounds, labored breathing, dehydration, skin pallor, thinness and 
weakness. The rest of the three high dose animals (#4595F recovery subset, 
4809F reproduction subset and #4017M reproduction subset)  died on postnatal 
days 16, 64 and 88, respectively. Clinical signs noted in these animals prior to 
their death were: #4595F had brown fur staining of the urogenital region; #4809F 
had decreased activity, labored breathing, non-sustained convulsions and was 
lying on side; #4017M had thin fur cover of the forepaws. The cause of 
death/euthanasia in these animals remained undetermined following 
macroscopic (#4595F, 4809F) and microscopic (#4032M) examinations. The mid 
dose male (#3013M reproduction subset) was found dead on PND 113. The only 
clinical sign noted prior to death was thin fur cover of the forelimbs. Although the 
cause of death remained undetermined, it was not considered related to 
treatment because the death occurred 43 days after the last dose. There were no 
deaths in the high dose group during the same period. 
Clinical Signs:  Test substance-related clinical signs such as liquid, yellow feces 
and/or yellow or brown staining of the anus, urogenital region, hind paws and tail 
were noted up to PND 25  in most of the high dose males and females, and in a 
few mid dose males and females. 
Body Weights: Transient decreases in mean body weight gain (-12% to -57% 
relative to controls) were noted for all males and females in all dose groups on 
PND 14 and 15. The reduction continued for another day for both sexes in the 
high dose group. Subsequent weight gains, slightly higher than the control were 
noted for both sexes at all dose levels (Fig. 1) 
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Figure 1.  Summary of body weight data for F1 pups (males: top panel; females: bottom panel) 
until weaning. 

 
Food Consumption: Food intake for males was higher (5%) than the control until 
the end of the dosing period and the tendency continued in the recovery period. 
For females, food consumption was comparable to the control during the 
treatment, gestation and recovery periods. 
Postnatal Development: All developmental landmarks (eye opening, vaginal 
opening, preputial separation) and functional test (visual function, auditory startle, 
motor activity, swimming ability) results were similar between treated and control 
groups. 
Reproductive Performance: The mating and fertility indices and the conception 
rate were low for the treated females relative to control. However, the values did 
not reach the level of statistical significance (Table 8). The mean numbers of 
corpora lutea, implantation sites, live and dead embryos, resorptions and pre and 
post implantation losses were unaffected by treatment with aliskiren. One dam 
receiving 100 mg/kg/day had total resorption. There was no effect of aliskiren on 
sperm motility and spermatozoa count. 
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Table 8. Summary of parental (F1 generation) performance data 

 
 

Group 
Number placed for 

mating 
 
# 

mating 

 
Mean (SD) Day 

to Mating 

Number 
Females 
Pregnant 

 
Mating 

Index (%) 

 
Fertility 

Index (%) 

 
Conception 

rate (%) Males Females 

1 20 20 13 3.0 ± 1.20 
(N = 13) 

8 65.0 40.0 61.5 

2 20 20 15 3.8 ± 3.30 
(N = 15) 

14 75.0 70.0 93.3 

3 20 20 15 3.8 ± 3.30 
(N = 15) 

11 75.0 55.0 73.3 

4 20 20 13 3.2 ± 1.90 
(N = 12) 

10 65.0 50.0 76.9 

 
Group 1 - Vehicle control 
Group 2 - Aliskiren 30/33.15 mg/kg/day 
Group 3 - Aliskiren 100/110.5 mg/kg/day 
Group 4 - Aliskiren 300/331.5 mg/kg/day 

 
 
Hematology: There were no changes in the hematology parameters except for 
decreases in absolute lymphocyte count in high dose males (-20%) and females 
(-30%) in the pathology subset (at the end of dosing). The hematology parameter 
values for animals receiving aliskiren in the recovery subset were comparable to 
vehicle control values. 
Clinical Chemistry:  There were no statistically significant changes in clinical 
chemistry parameters related to the administration of aliskiren for the pathology 
and recovery subset animals.  
Urinalysis: No statistically significant effect noted for both sexes at all dose 
levels.   
Organ Weights: No statistically significant treatment-related organ weight 
changes were noted in the pathology subset animals.  In the recovery subset 
males, dose-dependent increases in mean absolute seminal vesicle weights (5% 
to 19%, p <0.05) and relative seminal vesicle weights (7% to 27%, p <0.01 at the 
high dose) were noted relative to control (Table 9). There was no macroscopic 
(histopathology was not done) correlate to these increased seminal vesicle 
weights. Toxicological significance of this weight increase is not clear from the 
study.  
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Table 9.  Aliskiren-related differences in organ weights relative to the vehicle control group 

 

Sex  Males 

Dose (mg/kg/day)  0 30 100 300 

Number examined  20 20 19 19 

Body weight mean (g)  712.493 700.607 702.114 748.003 

 (% diff) (-) -2 -1 5 

Seminal Vesicle, Left  

Absolute mean (g) 0.7554 0.8792 c 0.9004 c 0.9255 c 
(% diff) 

Relative
 
to body weight (%) 

(-) 
0.10652 

16 

0.12669 c 

19 

0.12929 c 

23 

0.12574 c 

(% diff) (-) 19 21 18 

Seminal Vesicle, Right 

 

    

Absolute mean (g) 0.7131 0.8662 c 0.8688 c 0.9333 c 

(% diff) 

Relative
 
to body weight (%) 

(-) 
0.10053 

21 

0.12477 c 

22 

0.12494 c 

31 

0.12632 c 

(% diff) (-) 24 24 26 

 
a: Expressed as percent difference of group means (% diff). 
c: Based upon statistical analysis of group means, values are significantly different from control group at  
P ≤0.05. 
 
 

Gross Pathology: There were no macroscopic findings that could be interpreted 
as being related to the administration of aliskiren  
Histopathology:  There were no adverse histological findings that could be 
related to aliskiren treatment.   
Toxicokinetics:  All treated neonatal rats were exposed to aliskiren for up to 24 hr 
post dose on PND 14 with Tmax 1 hr at all doses except for the high dose 
females. In juvenile rats, the concentration of aliskiren lasted for up to 7 hr post 
dose on PND 64 with Tmax 3 hr at all doses except for the high dose females.  
The plasma concentrations increased with increase in dose but were below dose 
proportional for neonates. On the other hand, the plasma concentrations 
increased more than proportionally with an increase in dose for juvenile rats. The 
exposure to aliskiren was 85- to 387-fold higher on PND 14 (single dose) 
than on PND 64 (repeat doses) at all dose levels (Table 10). There were no 
gender differences in any groups. 
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Table 10.   Summary of mean toxicokinetic parameters for aliskiren in neonatal and juvenile rats 
on day 1 (PND 14) of treatment and after 7 weeks (PND 64) of treatment with aliskiren 
 

 
 

Dose 

(mg/kg/day) 

PND 

(Study 
Day) 

Gender AUC (ng.h/ml) AUC/Dose (ng.h/ml)/ 

(mg/kg/day) 

Cmax 

(ng/ml) 

Cmax/Dose 

(ng/ml)/ 

(mg/kg/day) 

Tmax 

(h) 

Mean ± SE Mean ± SE 

30 14 

(1)* 

Male 28600 2300 952 76.7 2560 85.3 1.00 

Female 32200 1220 1070 40.7 2800 93.3 1.00 

64 

(51) 

Male 78.9 8.80 2.63 0.293 18.4 0.613 3.00 

Female 83.3 59.6 2.78 1.99 22.4 0.747 3.00 

100 14 

(1) 

Male 64900 3640 649 36.4 11600 116 1.00 

Female 68600 3630 686 36.3 11700 117 1.00 

64 

(51) 

Male 393 97.4 3.93 0.974 62.9 0.629 3.00 

Female 484 141 4.84 1.41 105 1.05 3.00 

300 14 

(1) 

Male 138000 3890 460 13.0 9750 32.5 1.00 

Female 149000 13700 498 45.7 12200 40.7 3.00 

64 

(51) 

Male 1620 308 5.39 1.03 167 0.557 3.00 

Female 1420 265 4.73 0.883 237 0.790 1.00 

 
*:  Single dose study 
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6.3 Oral gavage toxicity study of aliskiren in juvenile rats, a mechanistic study 

 
Key Study Findings: Single oral gavage dosing of juvenile rats with aliskiren at 100 or 
300 mg/kg/day on postnatal days 14, 21, 24, 28, 31 or 36 resulted in no deaths. No 
toxicity was observed with the exception of mild clinical signs in a few aged rats. The 
plasma exposure and concentrations in brain, heart, kidney and liver tissue samples 
were much higher in 14-day old rats than in the older rats. An age-dependent 
relationship between aliskiren dose and exposure was observed, wherein exposure 
decreased with increase in age. Genomic analyses provided evidence that age-
dependent changes in plasma and tissue exposure correlate with developmental 
changes of MDR1 mRNA expression in jejunum and liver and Oatp2 mRNA expression 
in liver. Expression levels gradually increased and reached adult levels in rats aged 29 
days.   
 
Purpose:  This is a follow up to Novartis study nos. 0970002 and 0970616 (sections 6.1 
and 6.2). The objective of the study was to evaluate adverse effects and to determine 
the pharmacokinetic profile of aliskiren when administered at two dose levels to juvenile 
rats once on PND 14, 21, 24, 28, 31 or 36. Additionally, the study investigated 
developmental changes in the expression levels (mRNA) of the transporters MDR1 and 
Oatp2 in the brain, liver, kidney and jejunum in rats aged 7 to 36 days. 
 
Study No.: 902570, Novartis Reference #1170529 
Location of Report: EDR 
Conducting Laboratory and Location:   

.  
Dates of Study: The pups were initially dosed on December 15, 2011 and last 

necropsied on January 10, 2012. 
GLP Compliance: Yes 
QA’d Report:  Yes  
Drug, Batch #: Aliskiren hemifumarate, C0552, 98.7% pure 
Formulation: Aliskiren was dissolved in purified water.  Prepared solutions were found 

to be stable for at least 35 days when stored at 6°C, at least 1 day when stored 
at room temperature and at least 4 hours when stirring. For concentration 
analysis, dose formulation samples were collected at the first preparation from 
the middle of the preparation vessels and on the first day of dosing and at the 
last preparation from the middle of the dosing jars at room temperature. The 
doses are expressed as base.  

Animals 
Species/Strain: Sprague-Dawley Rats (Crl:CD[SD]) (from ) 
#/Animals/Group: 52 dams with their litters were received (355 male and 348 
female pups) on day 3 postpartum. At day 4 postpartum, the litters received were 
culled to 4 males and 4 females (total of 8 pups). Following culling, litters were 
randomly assigned to treatment groups. 180 pups/sex were assigned to the 
dosing phase with 10/sex/dose/dosing day (see study design Table 10). 60/sex 
served as control. 
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 Age: Postpartum day 14 at initiation of dosing 
 Weight:  See Table 11.  
 Husbandry: The F0 generation dams were housed individually with their litters. 

Weanlings from subsets B, C, D, E and F were group housed (2 to 3 animals of 
the same sex and same dosing group together) from day 21 postpartum onward. 
Food and water were available ad libitum.  

 

Dosing  
Doses: Aliskiren was administered at two dose levels: 100 or 300 mg/kg/day 
(Table 11). Control animals received the vehicle at the same dosage volume as 
treated animals. Doses were selected based on the results of previously 
conducted juvenile studies with aliskiren in the rat [Novartis reference nos. 
0970002 and 0970616, see previous review].   

 

Table 11.  Study design 

 

Gp 

# 

Test 

substa-

nce 

Dose
a 

(mg/kg/day) 

A
c,d 

B C D E F 

PND 14
b 

PND 21 PND 24 PND 28 PND 31 PND 36 

1 Vehicle 10 ml/kg 10 M, 10F 10 M, 10F 10 M, 10F 10 M, 10F 10 M, 10F 10 M, 10F 

2 Aliskiren  100 10 M, 10F 10 M, 10F 10 M, 10F 10 M, 10F 10 M, 10F 10 M, 10F 

3 300 10 M, 10F 10 M, 10F 10 M, 10F 10 M, 10F 10 M, 10F 10 M, 10F 

Weight at the initiation of 

dosing,  gm 

M: 29-39 

F: 28-38 

M: 44-70 
F: 42-66 

M: 60-87 

F: 55-79 

M: 94-119 
F: 84-115 

M: 113-155 

F: 99-129 

M: 159-206 
F: 127-175 

 
a: dose expressed as base. 
b: Received a single dose of aliskiren on day 14, 21, 24, 28, 31 or 36 postpartum and bled for 

toxicokinetic evaluations. 
c: In each group, subsets of 2 animals/sex were sampled (blood, brain, liver, kidney and heart samples 

for bioanalysis and blood, brain, liver, kidney and jejunum samples for genomics) at 5 time points. 
d: Lung tissues for genomics were also collected at 5 time points for control animals only 
 
 

Route, Mode and Duration of Administration:  Orally by gavage (10 ml/kg), once 
on day 14, 21, 24, 28, 31 or 36 postpartum.  

 
Observations and Measurements  
 Clinical Signs: All animals were examined twice daily for mortality and clinical 

signs of ill health. 
Body Weight: Pups were weighed on the day of treatment and on days 4, 7, 14, 
21, 28 and 35 post-partum. On day 21 postpartum, pups  were separated from 
their dams. 
Food Consumption: Not recorded.   

 Toxicokinetics: As noted above, all treated pups were exposed to the drug for up 
to 24 hours post dose at the designated postnatal period. Blood samples were 
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collected at the scheduled period (see Table 12) from all treated pups via the 
abdominal aorta under isoflurane anesthesia for toxicokinetic analyses.  

 Genomics analyses: Subsequent to collection of blood, animals were 
exsanguinated and selected tissue samples (Table 13) were collected for gene 
expression profiling and bioanalysis.  Subsequently, the carcasses were 
discarded without further examination. 

 

Table 12.  Blood and tissue sample collection schedule 

 
 

Table 13    Tissue collection - Scheduled termination at various days of postnatal development 

 
Tissue                                                                     Collect Comment 

Brain
#                               

              X Taken for genomics and bioanalysis 

Heart
#                             

                             
                     

 
X Taken for bioanalysis 

Kidney
#                              X

 
Taken for genomics (right) and bioanalysis (left) 

Liver
#                               

               X Taken for genomics and bioanalysis 

Lung                                                    X Taken for genomics from control animals only 
Jejunum                                                                      X Taken for genomics 

X = procedure conducted; # = tissues samples collected for bioanalysis were weighed. 
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Results  
Analysis of Formulations: All study samples analyzed had mean concentrations 
within the acceptance criteria of ±10% of their theoretical values. 
Mortality: There was no test substance-related mortality. 
Clinical Signs:  Test substance-related clinical signs such as salivation, abnormal 
breathing sounds and red skin of the forelimbs were noted sporadically in a few 
animals on postnatal days 21, 28 and 31.  
Toxicokinetics:  All treated juvenile animals were exposed to aliskiren for up to 24 
hr post dose on respective postnatal days. The plasma concentrations increased 
with increase in dose with no consistent difference between male and female 
rats, and Cmax reached prior to or at 3 hr post dose.  Plasma exposure to 
aliskiren was similar in rats at the ages of 24 to 36 days. However, the plasma 
exposure (AUC) was about 140- to 216-fold higher on PND 14 than on PND 
31 and above (Table 14 and Fig. 2).  

Table 14.  Rat plasma aliskiren toxicokinetic parameters 

 

 

The tissue concentrations followed the trend of the plasma exposure with much higher 
concentrations observed in 14-day old relative to older rats. Aliskiren was highly 
distributed to the heart, kidney and liver (low in brain) of juvenile rats (Table 15). The 
tissue concentrations at 3 hours post dose in 14 day old rats were about 2- to 19-fold 
higher in heart, 8- to 35-fold higher in kidney and 14- to 48-fold higher in liver than in the 
plasma Cmax observed 21 to 36 day old rats. 
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Figure 2.  AUC0-24h vs dose in 14-day (left side) and 21-36 day (right side) old rats. 

 
 
 
Table 15.  Mean (n = 2) rat tissue aliskiren concentrations (ng/g) 
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Genomics Report: Both MDR1 and OAT family members play a key role in the 
absorption and disposition of aliskiren and thus, they affect its bioavailability.  
The objective was to correlate aliskiren exposure with expression of mRNA for 4 
key transporters (MDR1, Oatp1, Oatp2 and Oatp4) in brain, liver, kidney and 
jejunum in rats aged 7 to 36 days. According to the sponsor, this would 
determine the age-dependent aliskiren toxicity and exposure. The analysis is 
restricted to 4 transporters and other transcriptional changes are not discussed 
by the sponsor. 
 

The multidrug resistance protein MDR1 (P-gp) is the major efflux system involved 
in absorption and elimination via biliary excretion of aliskiren, while organic anion 
transporting (OAT) family members appear to also play a major role in rats, but 
do not contribute significantly to active hepatic uptake in humans. It is 
hypothesized that immaturity of these transporters in neonates and young 
animals play a critical role in affecting the higher exposure and subsequent 
higher toxicity than in older rats upon treatment with aliskiren. To investigate this, 
RNA was isolated from tissue samples collected at different days of postpartum 
(Table 13) and mRNA expression of these key transporters was determined 
using oligonucleotide microarrays. Brain samples from both treated and 
untreated rats were analyzed as were untreated samples of liver, kidney and 
jejunum that were collected as part of a separate postnatal development study 
(Study #1070339).  
Brain: Only MDR1 (Fig. 3) and Oatp2 (Fig. 4) showed expression in the brain. 
Both of these transporters were statistically significantly lower in expression in 
rats aged 14 days than in rats aged 21 days and older. Aliskiren had no effect on 
the expression of either transporter  
 

Figure 3  Expression of MDR1 in brain  
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Figure 4  Expression of Oatp2 in brain 

 
Other tissues: MDR1 was expressed in all 3 tissues, with higher overall 
expression in jejunum (Fig. 5) than it was in both liver (Fig. 6) and kidney (Fig. 7). 
The expression in jejunum (Fig. 5) was lower (P <0.05) in day 7, day 14 and day 
22 rats than it was in older rats. The MDR1 expression in the liver (Fig. 6) and 
kidney (Fig. 7) was lower in day 7 and day 14 rats than it was in adult rats. 
 

Figure 5  Expression of MDR1 in jejunum 
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Figure 6  Expression of MDR1 in liver 

 
 
 

 
 
Figure 7.  Expression of MDR1 in kidney 
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6.4 Ontogeny of MDR1 in human liver and intestine in vitro 

 
Key Study Findings: Multidrug resistance protein 1 (MDR1) gene expression in human 
liver was low in fetal and neonatal age groups and appeared to reach adult levels 
between 1 and 2 years of age. In contrast, intestinal MDR1 gene expression was similar 
across the pediatric age span and in adults. The results were marred by large inter-
individual variation.  
  
Purpose:  Inadequate information exists on the ontogeny of drug metabolizing enzymes 
and drug transporters in human fetuses and children.  MDR1 is the best known drug 
transporter present in the plasma membrane that acts as an efflux system. The 
objective of the study was to determine the ontogeny of MDR1 in fetal and pediatric 
intestine and liver samples. 
Study No.: Not given 
Location of Report: EDR 
Conducting Laboratory and Location:  

 
  

Dates of Study: November 7, 2013 
GLP Compliance: No 
QA’d Report:  No  
 
Methods 

Liver and intestine samples were collected from human fetuses and children up 
to 18 years of age, and were obtained from the . Healthy human 
adult liver and intestine tissue samples were obtained from the  

 respectively. mRNA 
expression of MDR1 in tissue samples was performed using real-time reverse 
transcription-polymerase chain reaction. 

 
Results 
 For the liver, a total of 68 samples were collected, of which 12 were fetal (median 

gestational age 22 2/7 weeks (range 7 5/7 – 41 2/7) and 56 were from 
neonates/children (median postnatal age was 11 weeks (range 0 - 884 weeks). 
There were 11 healthy adult liver samples. For intestine, 28 samples were 
collected from neonates and infants. Median gestational age was 31 2/7 weeks 
(range 24 5/7 – 40) and median postnatal age was 2 3/7 weeks (range 0 – 57 
weeks). There were 14 adult healthy intestinal biopsy samples. It is not clear 
from the text whether any intestinal samples were collected from children. 

 
 MDR1 Gene expression in liver 

In the liver, MDR1 mRNA expression was statistically significantly lower in 
fetuses, neonates and infants than in children (>2 years) and adults (Table 16, 
Fig. 11). The median MDR1 expression was 25-fold lower in fetuses and in 
neonates than in adult MDR1 mRNA expression. This suggests that MDR1 gene 

Reference ID: 4152699

(b) (4)

(b) (4)

(b) (4)



NDA #210709    Reviewer: G. Jagadeesh, Ph.D. 

 

37 
 

expression reach adult levels between 1 and 2 years of age.  Intersubject 
variability was very high in the study (Fig. 11). 

 

Table 16.  MDR1 Gene expression in liver.  Relative mRNA expression MDR1/18S in percentage of 
adult expression (range).  

 

 

 
Figure 11.  MDR1 Gene expression in liver.  
Relative mRNA expression MDR1/18S displayed in log-scale (median and range). Samples were 
grouped according to postnatal age (fetuses, neonates birth to 1 month, infants 1 month to 23 
months, children 2 years to 5 years, children 5 years to 17 years and adults of 18 years and older). 
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MDR1 Gene expression in intestine 
Intestinal MDR1 gene expression did not differ across all age groups (Table 17, 
Fig. 12). Again, intersubject variability was very high to the order of a 1000-fold. 
The noise probably masked the signal for any meaningful conclusion.  

 

Table 17.  MDR1 Gene expression in intestine. Relative mRNA expression MDR1/Villin in 
percentage of adult expression (range). 

 

 

 

 

Figure 12. MDR1 Gene expression in intestine.  
Relative mRNA expression MDR1/villin displayed in log-scale (median and range). Samples were 
grouped according to postnatal age (neonates birth to 1 month, infants 1 month to 23 months, 
children 2 years to 17 years (no tissue samples collected?) and adults of 18 years and older).  

 

 

Reference ID: 4152699



NDA #210709    Reviewer: G. Jagadeesh, Ph.D. 

 

39 
 

7 Integrated Summary and Safety Evaluation 

 
Background  
 
Aliskiren is a first-in-class selective renin inhibitor that acts on the first rate limiting step 
in the RAS cascade by preventing the formation of angiotensin I from angiotensinogen. 
Aliskiren was approved for the treatment of hypertension in March 2007. The use of 
drugs targeting the renin angiotensin system among pregnant women in middle and late 
trimesters has resulted in adverse outcomes for some pregnancies. The most 
consistent finding reported in the literature with the maternal use of these drugs is fetal 
renal dysfunction which is manifested prenatally as oligohydramnios, renal tubular 
dysgenesis, and postnatally as neonatal anuria (2). These findings are expected given 
the fact that angiotensin II, the principal component of the system, plays a critical role in 
the maintenance of normal embryonic and postnatal kidney development, fetal arterial 
blood pressure, and in the regulation of fetal glomerular filtration rate and renal blood 
flow (2). Thus, RAS antagonists’ therapies in newborns and/or pediatric population are 
considered with caution (11). Previously, this reviewer has reviewed the effects of ACE 
inhibitors (7) and AT-1 receptor antagonists (9, 10) in juvenile rats.  
 
The studies reviewed here examine the effect of aliskiren in newborn and juvenile rats. 
Increased mortality as a result of excessive exposure to aliskiren has led the sponsor to 
conduct a follow-up mechanistic study, which included genomic analyses of blood and 
tissues for key drug transporters, and investigations into the cause for excessive 
exposure and toxicity in young pups. Also, the sponsor studied the ontogeny of a key 
drug transporter in human tissues. 
 
Toxicology  
 
The effect of aliskiren was studied in neonatal rats from postnatal day 8 to postnatal day 
35 (28 doses), and from postnatal day 14 to postnatal day 70 (57 doses), both studies 
at doses of 30, 100 or 300 mg/kg/day. 
 
A single high dose of aliskiren on PND 8 caused 6 pups deaths within a few hours and 
the remaining pups in this group were in poor clinical condition. The group was 
terminated by euthanizing all animals on the first day of dosing. In the mid dose group, 7 
pups were found dead between a few hours and a day after receiving their first dose. 
Although the deaths in both groups were related to aliskiren-treatment, a definitive 
pathology-based cause of death for these animals could not be ascertained. Clinical 
signs such as decreased activity, cold to touch, decreased respiratory rate, occasional 
tremors were noted in animals receiving 100 mg/kg/day. Reductions in body weight gain 
were noted at a dose of 100 mg/kg/day on the first 2 days of dosing. Statistically 
significant increases in absolute and relative kidney weights at the end of dosing period 
were noted for pups receiving 100 mg/kg/day. A similar increase was also seen for 
females in recovery subset animals. However, there was no histopathology correlate to 
these findings. Based on decreased body weight gain and clinical signs, the no 
observed adverse effect level was considered 30 mg/kg/day. Daily oral dosing from 
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PND 14 to PND 70 resulted in 4 preterminal deaths (PND 16, 21, 64 and 88) in the high 
dose group. Prior to their death/euthanization, all of them exhibited decreased activity, 
labored breathing, non-sustained convulsions and were lying on side. The cause of 
death remained undetermined following macroscopic or microscopic examination. The 
deaths could be the result of aliskiren-induced respiratory distress rather than severe 
hypotension. Transient decreases in mean body weight gain were noted for the first 3 
days of dosing in both sexes at all dose groups. In the recovery subset males, dose-
dependent increases in absolute and relative seminal vesicle weights were noted 
relative to concurrent control. However, this lacked any macroscopic correlation.  Given 
the fact that the developing kidneys in pups are more sensitive to ARBs and ACE 
inhibitors, aliskiren showed no effect on the developing kidneys.  
 
The systemic exposure (AUC) to aliskiren in males and females at 100 mg/kg/day 
following a single dose on PND 8 was 4-fold higher than on PND 14 (single dose), and 
574-fold higher than on PND 64 (multidose). For doses of 30, 100 and 300 mg/kg/day, 
the AUC0-24h decreased between day 14 (single dose) and day 64 (multidose) post-
partum by a factor 363-387, 165-142 and 85-105 (male-female), respectively. The 
data suggest that in the 8 or 14 day old rats, a large portion of the administered aliskiren 
was not metabolized and tended to remain in circulation for an unknown period of time 
(which was not determined in the study). A similar association of increased metabolism 
with aging of the pup has been documented previously for the RAS drugs ramipril and 
valsartan. In these studies, AUC values were substantially higher when 
ramipril/valsartan was administered on PND 14 or 7, respectively, than when it was 
administered on PND 21 (see ramipril pediatric study in our review of NDA 19,901/SLR-
043) (7) or PND 70 (see valsartan pediatric study in our review of NDA 21,283/SE5-
024) (9).  According to the sponsors, the drug metabolizing enzymes in the rat liver are 
not fully expressed by PND 7 and/or gastric permeability is greater in neonatal rats than 
in adult rats. This probably contributed to the higher exposure in younger animals than 
noted in older animals.  This led the sponsor to conduct a follow-up mechanistic study, 
which includes genomic analyses of blood and tissues for key drug transporters, and 
investigate the cause for excessive exposure and toxicity in young pups. 
 
Mechanistic study:  Single oral gavage doses (100 or 300 mg/kg) of aliskiren given to 
rats from PND 14, 21, 24, 28, 31 or 36 days did not produce toxicity with the exception 
of mild clinical signs in a few animals receiving 300 mg/kg.  The plasma exposure to 
aliskiren was about 100-fold higher in 14-day old rats and 3-fold higher in 21-day old 
rats than that was observed in the older rats. Similarly, concentrations of aliskiren in 
brain, heart, kidney and liver tissue samples were much higher (2- to 48-fold) in 14-day 
old rats than noted in the adult rats. Aliskiren was highly distributed to the heart, kidney 
and liver with observed tissue concentrations much higher than the maximum 
concentration in the plasma. In contrast, brain tissue concentrations of aliskiren were 
approximately 10% of the plasma Cmax. 
 
Age-related changes in mRNA expression of 4 key transporters (MDR1, Oatp1, Oatp2 
and Oatp4) in brain, jejunum, kidney and liver were evaluated in juvenile rats aged 7 to 
36 days. In the brain, both MDR1 and Oatp2 showed poor expression in rats aged 14 
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days relative to rats aged 21 days and older. In jejunum, kidney and liver, mRNA 
expression of MDR1 was statistically significantly lower in day 7, day 14 and day 22 
(only in jejunum) rats than in older rats. OAT family members were absent or poorly 
expressed in jejunum and kidney. In contrast, OAT family members were expressed in 
the liver. Hepatic Oatp1, Oatp2 and Oatp4 mRNA expression were markedly reduced in 
rats aged 7 and 14 days and gradually reached adult levels in animals aged 22 days. 
 
Ontogeny of MDR1 in human liver:  MDR1 gene expression in different age groups 
ranging from fetal to elderly was studied in human liver and intestine. In the liver, the 
expression was significantly (p <0.05) low in fetus, neonate and infant age groups and 
appeared to reach adult levels between 1 and 2 years of age. In contrast, intestinal 
MDR1 gene expression was similar across the pediatric age span and in adults. The 
results were riddled with large inter-individual variation and were difficult to reach a 
definite conclusion.  
 
Evaluation 
 
The target organs for toxicity for aliskiren in rats are the respiratory system and 
gastrointestinal tract (specifically colon region). In adult rats, aliskiren at oral gavage 
doses of 750 mg/kg/day for 13 weeks or dietary doses of 1500 mg/kg/day for 104 weeks 
did not affect kidneys (NDA 21,985, submission date 9/26/2006). In contrast, all ACE 
inhibitors and AT-1 receptor antagonists, as a class effect, target kidneys. The early 
deaths of 8 day old pups at ≥100 mg/kg/day are probably the result of tracheo-
pulmonary irritation/necrosis and respiratory distress (both non-RAAS-related adverse 
effects) as exposure on PND 8 was 574-fold higher than was on PND 64. It is unlikely 
that these animals died of severe hypotension because of substantial reduction in 
formation of angiotensin-II. This is evident from the absence of histopathology findings 
of kidneys in pups that survived until termination. The doses 100 and 300 mg/kg/day 
that caused mortality in male and female pups on day 8 post-partum are 120 or 
more times the maximum recommended human dose of aliskiren. There were no 
deaths in 14 or more day old pups although exposure to aliskiren was about 140- 
to 216-fold higher on PND 14 than it was on PND 31 and above. Exposure to 
aliskiren remained high until PND 24 and thereafter reached adult levels at the ages of 
24 to 36 days, which translates to approximately 2 years in human life.   
 
A series of studies in juvenile rats (PND 8 through 70) treated with aliskiren (100 or 300 
mg/kg, single and multiple doses) demonstrated a distinct age-dependent relationship 
between dose and exposure. It was hypothesized by the sponsor that the substantial 
aliskiren exposure increase in very young juvenile rats (≤ 21 days old) correlates with 
the process of maturation of the drug transporters involved in aliskiren absorption and 
disposition. A review of these studies showed that expression levels for MDR1 (P-gp) 
and Oatp2 in intestine, liver and brain were statistically significantly lower in pups aged 
8 to 14 days than noted in rats aged ≥21 days. According to the sponsor, immature 
expression of transporters limits the efflux of aliskiren during GI absorption, or 
decreases the ability to block the absorption of aliskiren across the intestinal epithelium 
resulting in increased drug exposure. Furthermore, gastric permeability is greater in 
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neonatal rats than is in adult rats (13, 14).  This limits biliary excretion of the drug 
leading to increased systemic drug exposure. The clinical signs of tremor and mortality 
noted in day 8 pups are correlated to high distribution of aliskiren in the brain and lower 
expression of MDR1 and Oatp2 than in adult rats. On the other hand, the expression of 
mRNA of the transporters mediating transfer of molecules from the hepatocyte into the 
bloodstream (multidrug resistance-associated proteins- Mrp1, 3 and 6) is highest at 
birth, with a gradual decrease toward adulthood (12).  This suggests that the excretion 
of aliskiren into the bile and in the bloodstream depend on the transporter involved and 
the age of the animal. 
 
A study of MDR1 gene expression in human tissue also showed a general age-related 
maturation pattern in the liver. Although this study bolsters the sponsor’s argument that 
in pediatric patients with immature MDR1, there is a potential for aliskiren overexposure 
and associated toxicity, the mechanism that leads to excessive aliskiren exposure or to 
mortality is not clear. The clear cut off age for MDR1 maturation in young children 
cannot be assessed from the clinical study as it is riddled with large inter-individual 
variation since the tissue samples for different age groups were collected globally 
disregarding genetic variation that exists in people of diverse ethnicity.  
 
A number of anatomical and physiological factors influence the pharmacokinetic profile 
of a drug (15).  In juvenile rat toxicity studies, the sponsor has not studied plasma 
concentrations of total protein and albumin (to which drug binds) in different age groups. 
Both total protein and albumin gradually increase during development up to day 42 (12). 
This suggests that for compounds like aliskiren that is moderately bound to plasma 
protein (49-52% in humans and 62% in rats), the concentrations of free drug may be 
much higher during the first weeks/months after birth. Age-dependent changes in 
cytochrome P450 isoenzymes and various transport proteins in rats and humans have 
been reported in the literature (12, 16-20).  The total CYP content, an overall parameter 
indicative of metabolic capacity of the liver, increases continuously from birth until 
adulthood (12, 16).  Aliskiren is metabolized by CYP3A4/5 enzymes. In humans, both of 
these enzymes expression increase dramatically in the first week after birth (17).  None 
of this information for aliskiren either in human or in juvenile rats is available. Adequate 
information on the ontogenic differences in ADME processes of aliskiren in development 
may help to interpret differences in toxicity noted between neonate, young and adult 
animals. This will facilitate making more reliable benefit/risk analysis of aliskiren in 
neonates and children. 
 
 
Conclusions 
 
The findings in very young rats, which accounted for the observed morbidity and 
mortality, are considered to be of great safety concern with regard to dosing of aliskiren 
in neonates and infants. The results strongly suggest that there is a distinct age-
dependent relationship between dose, exposure, and toxicity in aliskiren-treated 
neonates. The substantial aliskiren exposure increase in very young juvenile rats 
correlates with the process of maturation of the drug transporters involved in aliskiren 
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absorption and disposition. Immaturity of MDR1 appears to be the most important 
mechanism responsible for the high exposure following oral aliskiren administration to 
very young rats. 
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